Al-Naggar AMM, Shabana1 R, Abd El-Aleem MM, ElRashidy ZA. 2015. Performance and combining ability for grain yield and quality traits of wheat (Triticum aestivum L.) F1 diallel crosses under low-N and high-N environments. Scientia Agriculturae, 12 (1), 13-22. Retrieved from www.pscipub.com (DOI: 10.15192/PSCP.SA.2015.12.1.1322) Improving grain yield and quality under low-N has been a desirable goal of wheat breeders. This study aimed at investigating the per se performance of grain yield and quality traits and the relative importance of general (GCA) and specific (SCA) combining ability in a set of wheat cultivars and promising lines and their F1 diallel crosses. Parents (6) and F1's (15) were evaluated in two seasons in two separate experiments using randomized complete block design with three replications; each experiment under one level of N ( 0 or 75 kg N/fed). The rank of crosses in F1 generation for most studied traits was changed from one environment (N-level) to another, indicating a significant G x N interaction. In general, means of grain yield/plant (GYPP), grains/spike (GPS), 100-grain weight (100GW) and spikes/plant (SPP) of the three parents L25 , L26 and L27 were higher in magnitude than those of the three other parents Gem 7, Gem 9 and Giza 168 under both high-N and low-N levels. Some genotypes had high grain yield and at the same time had high grain protein content under low-N, such as L26 and L26 x L27. Mean squares due to GCA and SCA were highly significant, for all studied traits, but the magnitude of GCA was higher than SCA, for all studied traits under the two levels of N, except for 100Gw and grain protein content (GPC) under low-N, indicating more importance of additive than non-additive variance in controlling most studied traits. In general, the best general combiners for grain yield and quality attributes were L26 followed by L27 and L25 parents under both high-N and low-N. For SCA effects, the best F1's under high-N were not the same under low-N. Under low-N conditions, the best cross was Gem7 x Gem 9 followed by Gem9 x Gz168 and L25 x Gz168. The study concluded that under both high-N and low-N, the mean performance of a given parent could be considered an indication of its general combining ability effects and under under high-N only, the mean performance of a given F1 cross could be considered as an indication of its specific combining ability.
Introduction
Crop performance is a function of the genotype and the nature of the production environment (Cooper and Byth, 1996) . Genotypic differences for grain yield observed in the absence of stress are largely unrelated to differences observed in the presence of severe stress (Banziger et al., 1997; Ceccarelli, 1989; Ceccarelli and Grando, 1991; Ceccarelli et al., 1992; Mosisa, 2005) . This may indicate that different physiological mechanisms are associated with high yield in favourable conditions and high yield in unfavorable conditions (Blum, 1997; Ceccarelli, 1996) . Variation for quantitative characters is under the control of many genes and the contribution of the genes can differ among environments (Basford and Cooper, 1998; Delacy et al., 1996; Meseka et al.,2006) . This conditional contribution of genes is the basis of genotype-by-environment (G x E) interactions.
Low-N stress is among the major abiotic stresses causing yield reductions in wheat (Lafitte and Edmeades, 1994; Beck et al., 1996; Banziger et al., 2000; Banziger and Meyer, 2002) . Understanding the genetic basis of hybrid performance under this stress is crucial to the design of appropriate breeding strategies (Hallauer and Miranda, 1988; Betran et al., 2003a,b) . Although improving grain yield and quality under low-N has been a desirable goal of wheat breeders, the information available regarding the relative contribution of general combining ability (GCA) effects and specific combining ability (SCA) effects for different traits related to grain yield under low-N is limited (Below et al., 1997; Dass et al., 1997) . Below et al. (1997) evaluated hybrids from a diallel mating design under high and low N availability (where low-N stress results in approximately 35% yield reduction) in a temperate environment and reported that the mean squares for general combining ability (GCA) and specific combining ability (SCA) were significant for all traits measured at both levels of N. They concluded that, based on the magnitude of the difference between GCA and SCA mean squares, the majority of the genetic effects were associated with GCA, indicative of additive genetic effects. Kling et al. (1997) conducted a diallel experiment in the tropical lowlands of West Africa for one season under high and low N conditions and reported that GCA for grain yield was significant under both N treatments while SCA was only significant under high-N. For ears per plant, GCA was significant only under low-N while SCA was significant under high-N. However, non-additive gene effects under low-N were common in other studies. Betran et al. (2003a) evaluated diallel crosses under high-N and low-N for one season and reported that under low-N, non additive genetic effects were more important for grain yield than the additive genetic effects. A significant crossover interaction was observed between the GCA of lines under low and high N conditions. Similar results were reported by Lafitte and Edmeades (1995) . Banziger et al. (1997) found that N stress severity influenced genotype-by-N stress interactions. In addition to other environmental effects and type of families used, the contradictory results of different researchers may, therefore, be due to differences in the N stress level (testing environment) under which the genotypes were evaluated and/or genotypic difference among sets of genotypes included in the studies. A detailed study of the relative importance of GCA effects and SCA effects under contrasting N environments is crucial to generate precise information and design breeding strategies that serve the interests of resource-poor farmers in the developing countries (Banziger et al., 2000) . This study aimed at investigating the per se performance of grain yield component traits and grain protein content, the relative importance of GCA and SCA in a set of wheat cultivars and promising lines and their F1 diallel crosses and the correlations between per se performance and combining ability effects under contrasting N environments.
Materials And Methods
This study was carried out at Giza Research 
Materials
Six bread wheat genotypes (Triticum aestivum L.) were chosen for their divergence in tolerance to low nitrogen, based on previous field screening carried out by Wheat Res. Dept., Field Crops Res. Inst., ARC, Egypt (Table 1) . 
Field evaluation of 6 parents and 15 F1's
In the seasons 2007/2008, 2008/2009, parents (6) and F1's (15) were sown on 17 th of November each season in the field of Noubarya Res. Stat., in two experiments under two levels of nitrogen fertilizer; each experiment under one level with three replications. The low level was without fertilization (LN) and the high level was 75 kg Nitrogen/ feddan (HN); this is the recommended level of Ministry of Agriculture. This level of nitrogen fertilizer (equals 168 kg Urea/fed) was added in two equal doses, the first dose was added just before the sowing irrigation and the second dose just before the second irrigation (21 days after irrigation). Each parent or F1 was sown in two rows; each row was three meter long; spaces between rows were 30 cm and 10 cm between plants, and the plot size was 1.8 m. All other agricultural practices were done according to the recommendation of Ministry of Agriculture for growing wheat in Noubarya region.
Available soil nitrogen in 30 cm depth was analyzed immediately prior to sowing and N application at the laboratories of Water and Environment Unit, ARC, Egypt in the two seasons. Soil nitrogen was found to be 55 and 57 kg N/ fed in the seasons 2007/2008, 2008/2009, respectively 
Data collection
The following characteristics were measured on a random sample of 10 plants of each genotype of parents and F1's and 30 plants of F2's. 1. Number of spikes/plant (SPP): Number of fertile spikes per plant. 2. Number of grains\ spike (GPS): Number of grains per spike. 3. 100 grain weight (100GW) in g measured as weight of 100 grains taken from each guarded plant. 4. Grain yield/ plant (GYPP) in g measured as weight of the grains of each individual plant. 5. Harvest index (HI%) according formula: HI= 100 (GYPP/ BYPP), where BYPP= biological yield/plant. 6. Grain protein content (GPC) measured as follows: GPC%= Ng x 5.7 according to AACC (2000),where Ng is grain nitrogen content. Grain Ng was determined using Kjeldahl procedure according to A.O.A.C. (1990) .
Statistical and genetic analyses
Each environment (HN and LN) was analyzed separately across seasons as RCBD for the purpose of determining genetic parameters using GENSTAT 10 th addition windows software. Least significant differences (LSD) values were calculated to test the significance of differences between means according to Steel et al. (1997) .
Diallel crosses in F1 generation were analyzed to obtain general (GCA) and specific (SCA) combining ability variances and effects for studied traits according to Model I (fixed effect) Method 2. General (GCA) and specific (SCA) combining ability variances and effects were estimated according to Griffing (1956) model I (i,e the fixed model) method II. Estimates of both general ( 2 g) and specific ( 2 s) combining ability variances were calculated according to Griffing (1956) as shown in Singh and Chaudhary (1985) . Rank correlation coefficients calculated between per se performance of parents and their GCA effects in F1's; between per se performance of F1 crosses and their SCA effects for studied traits under each environment across two seasons, using SPSS 17 computer software and the significance of the rank correlation coefficient was tested according to Steel et al., (1997) . The correlation coefficient (rs) was estimated for each pair of any two parameters as follows: rs = 1-(6 Σ di 2 )/(n 3 -n) Where, di is the difference between the ranks of the i th genotype for any two parameters, n is the number of pairs of data. The hypothesis Ho: rs= 0 was tested by the r-test with (n-2) degrees of freedom.
And Discussion Per se performance
Means of each parent and F1 cross for studied traits under two nitrogen levels (0 and 75 kg N /Fed) across two seasons are presented in Table ( 2). In general, means of GYPP, GPS, 100GW and SPP of the three parents L25 , L26 and L27 were higher in magnitude than those of the three other parents Gem 7, Gem 9 and Giza 168 under both high-N and low-N levels. Reduction in GYPP, due to low-N stress was lower in the first three parents than that in the latter parents. The first three parents (L25, L26 and L27 ) were therefore considered as low-N tolerant (N-efficient) genotypes and the latter ones (Gem 7, Gem 9 and Giza 168) as low-N sensitive (N-inefficient ) parents. These parents are therefore proper genetic material for diallel analysis for studying inheritance of adaptive traits for low-N tolerance in wheat.
The rank of crosses in F1 generation for most studied traits was changed from one environment (N-level) to another. The highest mean of GYPP under low-N was obtained from L26 x L27 followed by L25 x L26 and L25 x L27 in F1. These crosses also showed the lowest reduction due to low-N stress, and therefore were considered tolerant (Nefficient) to low-N stress. On the contrary, the three crosses Gem 7 x Gem 9, Gem 7 x Gz168 and L27 x Gem 9 in F1 and F2 generations showed the lowest GYPP under low-N, the high reduction due to low-N and therefore were considered sensitive (N-inefficient) to low-N stress.
It is worthy to note that the magnitude of N-induced alterations due to low-N stress in the majority of studied traits was distinctly dependent upon the genotype, as evident by the significant genotype x environment interactions. These results are consistent with observations previously reported in wheat (El Bassam , 1998 , Le Gouis et al. 2000 , Al-Naggar et al. 2012 , barley ( Ceccarelli , 1994 and Gorny and Sodkiewicz, 2001 ) and maize (Di Fonzo et al. 1982 , Medici et al., 2004 , Preseterl et al., 2008 , Al-Naggar et al. 2008 , 2011b , 2015 , corroborating that an evaluation of breeding materials under diverse fertilization regimes is necessary for choice of the most efficient parental forms and / or cross combinations, as suggested by Brancourt-Hulmel et al.(2005) , Laperche et al. (2006) , Dawson et al. (2008) , Wolfe et al. (2008) and Al-Naggar et al. (2006, 2007b, 2009, 2010, 2011, 2012, 2015 a, b, c) .
The rank of parents for GYPP was similar in the two N-environments, indicating less effect of interaction between parent and nitrogen level on GYPP. The three tolerant parents showed the highest GYPP under high-N and therefore were considered responsive parents. It is also observed that some genotypes had high grain yield and at the same time had high grain protein content under low-N, such as L26 (26.91g GYPP and 14.2% GPC) and L26 x L27 ( 27.52g GYPP and 15.3% GPC) as shown in Table ( 2). This observation was reported previously by some investigators (Fowler et al.,1990; Clarke et al., 1990; Tran and Trembly, 2000 and Campillo, et al. 2010 ).
Combining ability variances
Variances estimates for general (GCA) and specific (SCA) combining ability of the F1 diallel crosses of wheat for combined data across two years under high and low levels of nitrogen are presented in Table (3 and 4 ). Mean squares due to genotypes were highly significant for all studied grain yield and quality traits under the two levels of N. Mean squares due to GCA and SCA were also highly significant, for all studied traits, indicating that both additive and non-additive gene effects play an important role in the inheritance of all studied grain yield and quality traits under different N application rates. * and** indicate significant at 0.05 and 0.01 probability levels, respectively.
In the present study, the magnitude of GCA mean squares was higher than that of SCA, since the ratio of GCA/ SCA mean squares was higher than unity for all studied traits under the two levels of nitrogen, except 100GW and GPC under low-N, where the ratio was below unity. Higher GCA/SCA ratio than unity, suggested the existence of a greater portion of additive and additive x additive than that of non-additive genetic variance in controlling the inheritance of grain yield traits under the two levels of nitrogen. The greater importance of GCA relative to SCA variance as observed in this study was also reported by Al-Naggar et al. (2006 , 2012 , 2014 and 2015 for (GYPP) and its components. Le Gouis et al. (2002) reported that in Nlimited diallel F1 hybrids between modern French cultivars found markedly higher GCA/SCA ratios for grain yield, grain N yield and total above ground N than in those grown under high N nutrition.
Results in Tables (3 and 4) indicate that mean squares due to SCA x year interaction were significant (P ≤ 0.01) for the all studied traits under the two levels of N, except 100GW and GPC under low N, indicating that non-additive variance was affected by years. Mean squares due to the GCA x year interaction were also significant (P ≤ 0.05 or 0.01) for all studied traits under high and low N, except for GPS and 100 GW under high-N and 100GW and GPC under low-N, which were not significant, indicating that additive variance for most studied cases differs from one year to another.
The mean squares due to SCA x year was higher than those due to GCA x year for all studied traits under both high and low-N, except for SPP, GYPP, HI, GPC, under high-N and GPS, 100GW and GPC, suggesting that SCA (nonadditive) variance ( in 5 out of 12 cases) is more affected by year than GCA (additive) variance.
GCA effects
Estimates of general combining ability (GCA) effects of parents for studied traits under the two levels of nitrogen across two years are presented in Table 5 (high-N) and Table 6 (low-N). Favorable significant GCA effects were expressed by positive estimates for all studied grain yield and quality traits. 2.14 2.14 * and** indicate significant at 0.05 and 0.01 probability levels, respectively.
In general, the best general combiners in F1's for grain yield and quality attributes were L26 followed by L27 and L25 parents under both high-N and low-N, Gem 7 for GYPP and Giza 168 for HI under high-N and L2 and L3 for GPC under both high-and low-N conditions.
On the contrary, the worst general combiners in F1's were Gem 9, Gem 7 and Giza 168 for most studied grain yield and quality attributes under both high-N and low-N environments. * and** indicate significant at 0.05 and 0.01 probability levels, respectively.
It is worthy to note that the best general combiners in this study (L25, L26 and L27) showed also high per se performance for the most studied grain yield and quality traits under both high and low-N environments.
SCA effects
Estimates of specific combining ability (SCA) effects of the F1 crosses for the studied traits under the two levels of N are presented in Tables (7 and 8 ). The best crosses in SCA effects were considered those exhibited significant positive SCA effects for all studied traits.
The rank of F1 crosses for SCA effects was changed from under high-N to under low-N conditions. Under high-N, the best cross for SCA effects of maximum number (4) of six studied traits (GPS, 100GW, HI and GPC) was the F1 cross L25 x L26 followed by L27 x Gem7 in three traits (GYPP, HI and GPC), L26 x Gz168 for three traits (GYYPP, GPS and GPC). These F1's include at least one parent of high GCA effects under high N. Under low-N conditions, the best SCA effects for maximum number (3 out of 6) of traits were shown the by F1's Gem7 x Gem 9 for SPP, GPS and GPC, Gem9 x Gz168 for GYPP and GPS and L25 x Gz168 for GYPP. It is observed from the previously mentioned results that for SCA effects, the best F1's under high-N were not the same best F1's under low-N. * and** indicate significant at 0.05 and 0.01 probability levels, respectively * and** indicate significant at 0.05 and 0.01 probability levels, respectively.
Correlations of Xp vs GCA and XF1 vs SCA effects
Rank correlation coefficients calculated between mean performance of parents (Xp) and their GCA effects and between mean performance of F1's (XF1) and their SCA effects for studied characters are presented in Table (9) . Significant (P≤ 0.05 or 0.01) correlations between Xp and GCAF1 effects existed for all studied traits under both high-N and low-N. In general, the magnitude of correlation coefficient between Xp and GCAF1 effects was very high (> 0.91 in 8 out of 12 cases ) and was higher at low-N than high-N in 4 out of 6 traits. The highest correlation coefficient under low-N between Xp and GCA was observed for GYPP (0.98), SPP, GPS and 100GW (0.97). On the contrary, the lowest correlation coefficient between Xp and GCA effects was shown under high-N for HI (0.71). These results indicate that the best performing parents for grain yield and quality traits are also the best general combiners and vice versa, and therefore, the mean performance of a given parent under low-N and high-N is an indication of its general combining ability. This conclusion was previously reported by Le Gouis et al., (2000) and Yildirim et al. (2007) in wheat and Meseka et al (2013) and Al-Naggar et al., (2008 , 2015 in maize. Le Gouis et al. (2000) reported that when GCA effects are largely superior to SCA effects, the correlation between per se value and GCA would give an indication about the possibility to use the means of the two parents to predict the value of hybrid. Yildirim et al. (2007) reported that per se values of parent for grain yield and nitrogen use efficiency were positively correlated with GCA effects of themselves at N0 level; this can be used to obtain high N use efficient lines.
For F1 crosses, under low-N, three out of 6 studied traits showed significant but low in-magnitude correlation coefficients between XF1 and SCAF1 effects (SPP, 100 GW and GPC) ranging from r= 0.34 to r=0.38 (Table 24) . GYPP, GPS and HI traits did not show significant correlation coefficients between XF1 and SCAF1 effects under low-N environment. Therefore, it could be concluded that under low-N, the mean performance for GYPP, GPS and HI of a given F1 cross of wheat is not an indication of it specific combining ability. This conclusion was previously reported by AlNaggar et al. (2014 AlNaggar et al. ( , 2015 .
On the contrary, under high-N, there were significant and positive correlation coefficients (ranging from 0.23 to 0.98 ) between XF1 and SCAF1 effects, indicating that under high-N, the mean performance of a given F1 cross could be considered as an indication of its specific combining ability, especially for GYPP (r=0.94). Table 9 . Rank correlation coefficients among means performance of parents (Xp) and their GCA effects and between mean performance of F1's (XF1) and SCA effects under high-and low-N across two seasons. * and** indicate significant at 0.05 and 0.01 probability levels, respectively.
Summarizing the above-mentioned results, it could be concluded that low-N stress affects on the associations between mean performance of F1 and SCA effects of F1 and so conclusions generated from results under high-N differ from those generated from results under Low-N. Only indication under high-N and low-N are similar for the association between mean performance of parents and their GCA effects. Thus, under either low-N or high-N the mean performance of a given parent could be considered an indication of its general combining ability estimated from F1's. But under high-N only, the mean performance of a given F1 cross could be considered an indication of its SCA effects.
Conclusions
This study suggested the existence of a greater portion of additive and additive x additive than that of nonadditive genetic variance in controlling the inheritance of all studied grain yield and quality traits under the two levels of nitrogen, except for 100GW and GPC under low-N, where the opposite was true. In general, the best general combiners in F1's for grain yield and quality attributes were L26 followed by L27 and L25 parents under both high-N and low-N, Gem 7 for GYPP and Giza 168 for HI under high-N and L2 and L3 for GPC under both high-and low-N conditions. Results concluded that for SCA effects, the best F1's under high-N were not the same best F1's under low-N. Under high-N, the best cross for SCA effects was L25 x L26 followed by L27 x Gem7 and L26 x Gz168. Under low-N conditions, the best cross was Gem7 x Gem 9 followed by Gem9 x Gz168 and L25 x Gz168. The study concluded that under either low-N or high-N, the mean performance of a given parent could be considered an indication of its general combining ability effects. It is also concluded that under low-N, the mean performance for GYPP, GPS and HI of a given F1 cross of wheat is not an indication of it specific combining ability. But under high-N, the mean performance of a given F1 cross could be considered as an indication of its specific combining ability.
